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&stract

This paper is about the i]]~plc]~lcl)t:ttio~l  of an 80 Ml Iz, 16-bit, mul(i-stage cligital  filter to dccjmatc by
1600,  provjcling a 50 kllz oLJlput with bandpass rjpple  of ICSS than +/- 0.1 d]]. The chip uses two
decimation by five units and six decimations by two executed by a sinslc decimation by two unit. The
six decimations by two consist of sjx halfbancl filters, five having 30-taps and onc having 51-taps. USC

of a 16x 16 register file for the di~ital  delay lines cnab]cs ii]l]>lc]~~clli:itiol]  in the Vitcssc 350K gate
array.

sunlmaiy

A Gallium Arsenide gate may was chosen to implmcnt  the digital signal processing function of
decimation by 1600. The 80 Mllz input signal’s sampling rate js dccrcascd  by 1600 by means of cigbt
finite impulse response (FIR) filters. ‘1’hc 50 kHz output has bandpass ripple of less than +/- 0.1 cIB.
The impclcntataion  uscs two dccimatim  by five units al]d a single decimation by two unit that cxe-
cutcs six decimations by two in series, the last having 51 taps. For sl)ccd and density, the design is
implcmcntcd  in a Vjtcssc  350K GaAs gate array.

Parallel Dccimdim l)y 5/4

The firs( decimation by five filter has 30 taps. Three multiplications exccutc  in parallel, accumulating
over five cycles. An additional multiplier is incorporated to allow tllc option of decimation by four
with 32 taps.

Sequential lkcimation by .5/4
The second decimation unit uscs a single multiplier for identical operations as the first stage. Paral-
lelism is not required bccausc of the slower data rate.

IAwitn((te  by 2 lhgim

‘1’hc third stage is similar to the second, cxccpt  that it emulates six flltcrs,  five 19-tap decimation by
two, and onc 51-tap decimation by two. A single ad(]-ll~lllti~>y  -acctlllllllatc  engine is able to cxccutc  all
of these operations in cor~junction  wjth an input queue consisting of a four-stage I:IFO. Register files
hold the data delay ]incs and accumulator registers fo] the five concurrcnt]y  active accumulations.
Pipclining  has been usc~i to facilitate the data proccssin{~,  and ~)ointcrs arc USCC1 to implement the data



delay registers in register files. Duc to the symctricity  of the algorithm, only ha] the nominal number
of storage positions for the daia delay registers arc necrkd. Shm for each filter there arc only two
operation scqucnccs,  dcpcncling  upon whether its an even or odcl input to the filter, only two control
registers arc necessary, one indicating which filter is active (a six bit shift register), and the other
indicates which is [he mode for each filter, even or odd.

Application

This filter will bc used in conjunction with NASA Deep Space Network Block V Digital Receiver to
extract scientific information from spacecraft transmissions, e.g., whtx~ the signal travels through a
planetary atmosphere. “J’his requires linear phase, low amplitude ripple low pass filtering. ~’hc narrow
output bandwidth, rc]ativc to the input 80 MHz sampling late, allows multi-stage filtering/clecinlation
to bc done, enabling a function that would require hundreds of taps to be. implemented in multiple filter
stages, all with tap lengths of less than 52.

Gn Irilmlions
The contributions to the art include, novel use of compute] structures for digital signal  processing and
a simple, algorithmically tailored control structure. Judicious usc of p:irallclism  and high speed se-
quential  operation allows relatively long filter tap lengths to be imp]cmcntcd  with a small number of
multipliers.
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